In the framework of the international project aimed at the sequencing of the Bacillus subtilis genome, a 40.6 kb chromosome segment, which contains the tre locus, has been cloned and sequenced. This region (40601 bp; 73"-76" on the genetic map) contains 38 complete ORFs and one partial one. Three ORFs, the closest to the hsdC locus, correspond to the treP, treA and treR genes encoding enzyme IITre, trehalose-6-phosphate hydrolase and the repressor of the tre operon, respectively. A homology search for the products deduced from the 39 ORFs revealed that 23 exhibit significant similarity to known proteins, e.g. proteins involved in acetoin utilization, deoxyribonuclease, methyladenine glycosidase, hydroxyisobutyrate dehydrogenase, multidrug resistance proteins, protein phosphatase, cyclic-nucleotide phosphodiesterase, 5'-nucleotidase and NADP(H)-f lavin oxidoreductase. Based on the gene organization and the results of the homology search, it is predicted that YfjG, YfjH, Yfjl, YfjJ and YfjK form an acetoin dehydrogenase system (acetoin regulatory protein, and acetoin dehydrogenase componentdsubunits E3, E2,
INTRODUCTION
Keywords : Bacillus subtilis, genome sequencing, tre locus, acetoin utilization As participants in the international Bacillus subtilis genome project, we are responsible for sequencing an approximately 144 kb chromosomal region between 69" (NEXT1 1) and 81 O (sspE) containing the hsdC and tre loci. In our first communication on this project (Yamamoto et al., 1996) , we reported the sequencing and genetic features of a 12.4 kb region, from the Nut1 site of NEXT23 (Itaya & Tanaka, 1991) , containing the deduced operons of 6-phospho-p-glucosidase, the phosphoenolpyruvate : sugar phosphotransferase system and an ABC transport system. In this communication, we describe the sequencing and genetic features of a 40.6 kb region containing the tre locus (Helfert e t al., 1995; Schock & Dahl, 1996) . In particular, we describe a putative operon for the acetoin dehydrogenase enzyme system, and a novel fused gene
The GSDB, DDBJ, EMBL and NCBl accession number for the nucleotide sequence reported in this paper is D83967.
comprising the 2',3'-cyclic-nucleotide 2'-phosphodiesterase and 5'-nucleotidase precursor genes.
METHODS
Bacterial strains, phages, plasmids and growth media. B. subtilis AC327 (purl3 his-1 smo-1) (Sekiguchi et al., 1988) was used as the source of chromosomal DNA to construct a I library.
pNEXT23 (Itaya & Tanaka, 1991) was also used as the source of DNA for sequencing and as a probe. Escherichia coli XL1-Blue MRA(P2) [A(mcrA) 183 A(mcrCB-hsdSMR-mrr) 173 endA 1 supE44 thi-1 gyrA96 relAl lac (P2 lysogen)] (Stratagene) and JM109 (relAl supE44 endA1 hsdR17gryA96 relAl tbi A(lacproAB) F'[traDJGproAB ladq lacZAM151) (Takara Shuzo) were used as cloning hosts for Iz DASH I1 (Stratagene) and pUCll8 (Takara Shuzo) clones, respectively. L-broth was used for the growth of B. subtilis and E. coli. If necessary, ampicillin (50 pg ml-l) was added to the medium. Cloning and sequencing of a 40.6 kb region between 73' and 76". A 5.4 kb insert of pNEXT23 was sequenced as described previously (Yamamoto et al., 1996) and the sequence from the Not1 site in the direction of NEXT11 (69O) is described in that 0002-0892 Q 1996 SGM paper. 1 DASH I1 DNA digested with BamHI was ligated to 12-23 kb fragments of B. subtilis chromosomal DNA partially digested with Sau3AI. The phage DNAs were packaged in vitro, according to the manufacturer's instructions (Stratagene) and then used for transduction of E. coli. Clones in the library were selected by plaque hybridization (Sambrook et al., 1989) with 32P-labelled pNEXT23 DNA as probe. The insert (16 kb) in the selected clone (phage 18) was partially digested with DNase I, blunt-ended with T4 polymerase and the fragments were separated by agarose (1.2 %, w/v) gel electrophoresis to obtain 700-1 500 bp fragments. These were ligated to SmaI-digested and alkaline-phosphatase-treated pUCll8 DNA. E. coli JM109 cells were transformed with the ligation mixture to obtain a randomly overlapping library. To avoid rearrangements and reconfirm the sequence, we made primers ORF9-1R (a 38-mer :
5' CAGGAAACAGCTATGACCACACGTCTCAAACTGT-CTCC 3'; the underlining indicates the M13RP sequence; the 3' end of the primer corresponds to position 1073iwith respect to the NotI site in Fig. 1 ) and N23-3F (a 38-mer: 5' TGTAAAACGACGGCC'AGTCACTTCATGCTCCTCTT-GCG 3' ; the underlining indicates the -21 M13 sequence ; the 3' end corresponds to position 3877). We then peiformed PCR with phage 18 or B. subtilis chromosomal DNA as template. Chromosome walking was performed by the inverse PCR method as follows. A 0.8 kb fragment, about 10 kb from the NotI site of NEXT23, which had been labelled with the DIG DNA Labeling and Detection Kit (Boehringer Mannheim), was hybridized with a 13-4 kb fragment of B. subtilis chromosomal DNA digested with Mld. Inverse PCR with primers MhI-1R (a 37-mer : 5' CAGGAAACAGCTATGACCCTTGACGG-ATTGCAGCTGG 3') and F-Uchi3 (a 38-mer: 5' GCG 3' ) about 6.5 kb and 106 kb from the NotI site of NEXT23, respectively, and with the self-ligated DNA of the 13.4 kb MltlI fragment as template, allowed DNA amplification of a 9.3 kb fragment. After partial sequencing of the termini of the amplified fragment with the M13RP primer by the Dye Primer method (Applied Biosystems), we obtained primer MSI-R (a 38-mer : 5' CAGGAAACAGCTATGACCATCATTC-CTTTCACCATCCG 3'). After Long Range PCR with primers F-Uchi3 and MSI-R, and the B. stlbtilis chromosome as template, the resultant 9.1 kb amplified product (MluI-inv) was used to construct a randomly overlapping library for sequencing. Furthermore, Southern hybridization of ApaI-digested fragments of the B. stlbtilis chromosome was performed with a 0.7 kb fragment, as probe, from the terminal region of the cloned 9-1 kb fragment described above. The probe hybridized with a 22.9 kb ApaI fragment. Inverse PCR with primers RApaI-I (a 38-mer : 5' CAGGAAACAGCTATGACCGTTC-ATCAGCGTTCCATACG 3') and F-Uchi4 (a 38-mer: 5'
TGTAAAACGACGGCCAGTGTGAAGCAGGTAAATG-
GCTC 3') in the terminal 2 0 kb region of the 9.1 kb fragment, and with the self-ligated DNA of the 22.9 kb ApaI fragment as template, allowed DNA amplification of a 21.3 kb fragment. After partial sequencing of the termini of the amplified fragment with the M13RP primer using the Dye Primer method, we obtained primer ASI-R (38-merY 5'
CAGGAAACAGCTATGACCCGAGAATACTGACGGTC-
TGG 3'). After Long Range PCR with primers F-Uchi4 and ASI-R, and the B. subtilis chromosome as template, the resultant 21.2 kb amplified product (ApaI-inv) was used to construct a randomly overlapping library.
Computer analysis. The DNA sequences were determined using an Inherit Auto Assembler (Applied Biosystems), and further analysed for the location of possible ORFs using GENEWORKS (IntelliGenetics). The amino acid sequences of the TGTAAAACGACGGCCAGTCTTTTGGTACATCCACAputative products of identified ORFs were examined as to their similarity to sequences reported in a non-redundant protein sequence data bank using the FASTA e-mail server at the Human Genome Center, Institute of Medical Science, University of Tokyo, Japan. According to the nomenclature proposed by A. Danchin (Institut Pasteur, Paris, France), we usedy3 andjjk for ORFs whose functions are unknown.
RESULTS AND DISCUSSION
Cloning and physical mapping of the 73"-76" region of the B. subtilis genome Cloning and sequencing were performed from the NotI site of NEXT23 (76') in the direction of the NEXT11 site (69') (Itaya & Tanaka, 1991) . pNEXT23 DNA was digested with PstI and the resultant 5.4 kb fragment (the insert of B. mbtih CU741 DNA) was used for the construction of a randomly overlapping library, followed by sequencing. Moreover, A phage clones containing a part of the insert of pNEXT23 were selected by plaque hybridization. Among 19 independent clones isolated, 2 (phages 18 and 1-1) were selected and their fragments were analysed with restriction enzymes. The digestion patterns indicated common 2-8 kb BamHI and 3.3 kb EcoRI inserts. The inserts correspond to the regions from position 4121 (with respect to the Not1 site) to position 6903 and from 61 84 to 9451 , respectively, in Fig. 1 . Phage 18 contained a 16 kb insert and one of its terminal ends is at position 3716 in Fig. 1 . Then we sequenced the insert of phage 18. Downstream of position 9451, there was no overlapping fragment. To avoid rearrangements and reconfirm the sequence, we synthesized primer ORF9-1 R (corresponding to positions 10 753-10 734) and primer N23-3F (3858-3877), followed by amplification with phage 18 DNA or B. stlbtilis chromosomal DNA as template. The two amplified DNAs gave identical fragment patterns with EcoRI, HindIII, PstI and EcuRI + PstI (data not shown), Based on the sequence information around 6-5 kb and 10.6 kb from the NotI site of NEXT23, two differently oriented primers were made, and an inverse PCR product, MhI-inv (9-1 kb), was amplified as described in Methods. The inverse PCR method was further used to amplify a product, Apd-inv, which covers the 21.2 kb region containing the treA locus (Fig. 1) . Therefore, the phages and inverse PCR products covered a 40-6 kb region from the NotI site of NEXT23, corresponding to the 73' -76' region of the B. subtilis chromosome (Fig. 1) .
Sequencing of the 40.6 kb region between 73" and 76", and genes found in the region and their features
The inserted fragments covering the 40.6 kb region were digested with DNase I, followed by ligation to bluntended pUCl18, to construct a randomly overlapping library. Then inserted fragments in the pUC118 derivatives were amplified by PCR from the lysates of transformants, followed by sequencing with a Taq described previously (Yamamoto e t a/., 1996) , and 38 complete and one incomplete ORFs (the 3' region of j j A ) were identified ( Table 1) . Among them, 31 start with ATG, 4 with GTG and 4 with TTG. Sixteen ORFs are transcribed and translated in the same orientation from 76" to 73O, and the other 23 in the opposite orientation, which is identical to that of the movement of the replication fork (Fig. 1) .
Functions of the five ORFs supposedly belonging to the acetoin dehydrogenase enzyme system (Table 2) The amino acid sequences of the putative products of the identified ORFs were examined as to their similarity to sequences in a non-redundant protein sequence data bank. (1996). in the same direction, and the three deduced p-independent terminators are located between yJL and JJK, yJH andj&G, andyJG andy&F (Fig. 1) . Therefore,_y&K, yJJ, yBI and y j H very likely form an operon (and we therefore designated them as the acaABCL operon). The lipoyl domains in the E2 components of E. coli, P. caarbinolicm, Alcaligenes etrtrophHs and C. magnwz, and in E3 of C. magnutla are also found in the N-terminal region of the E2 component (Yf jI) of B. szlbtilis (Kriiger e t al., 1994 ; data not shown). Recently, the acuABC genes involved in acetoin utilization were reported in B. szjbtiZis (Grundy e t  a] ., 1993). However, these genes exhibit no similarity to the acuXABC genes of A. ezhophzls, or the putative acoABCL (y$KJIH) genes of B. sz&ilis (data not shown). These results support the previous findings that B. stlbtilis has two different pathways for acetoin utilization (Lopez et al., 1975 ; Grundy e t a]., Kriiger et al., 1994) .
Homology of the other ORFs in the 730-760 region (Table 2)
The genes for two DNA hydrolysing/repair enzymes 030 andyfjP) were found upstream ofy&N in the same orientation (Fig. 1) Kruger et al. (1994) Oppermann & Steinbuchel (1 994) Deng et al. (1994) The 73"-76' region of the B. szrbtilis genome y@N, which is an extremely large ORF comprising 4386 nucleotides, seems to be a fused gene ( Fig. 1 and Table 2 ).
The amino acid sequence of the 5'-terminal region of yfkN exhibits extremely high similarity to the 2', 3'-cyclic-nucleotide 2'-phosphodiesterases of Haemopbilts inj.ueqae (CpdB), E. coli (CpdB) and Yersinia enterocolitica (CpdB). 2', 3'-Cycli~-nucleotide 2'-phosphodiesterase is a bifunctional enzyme that catalyses two consecutive reactions, converting a 2', 3'-cyclic-nucleotide to a 3' nucleotide and then the 3' nucleotide to a nucleic acid and phosphate. Moreover, the amino acid sequence of the 3'-terminal region ofyfkN exhibits high similarity to those of 5'-nucleotidase precursors of Rattus norvegicts, Homo sapiens, Bos primigenizls tazlrts and Discopyge ommata. Although the N-terminal and C-terminal regions of YfkN may be separated on processing at the post-translational stage, as far as we know, this type of gene fusion is the first example in a living organism.
Three ORFs, the closest to the bsdC locus, were found to be the treP-treA-treR genes. treP, treA and treR encode enzyme IITre, trehalose-&phosphate hydrolase and the repressor of the tre operon, respectively (Helfert et al., 1995; Schock & Dahl, 1996 ; Table 2 ). The deduced amino acid sequence of treR was completely identical to that reported, but those of treP and treA were not (Helfert e t al., 1995; Schock & Dahl, 1996 ; Table 2 ). We consider that this discrepancy is not due to sequencing error, because we always used more than three independent inverse PCR products to avoid PCR error, followed by the construction of a randomly overlapping library. We determined both sequences using the results for only regions of well-separated fluorescence peaks. For TreP, Phe at position 140 and Ala at position 465 in our data were different from Ser and Gly, respectively, at identical positions in the previous report. For TreA, there are several differences between our sequence and the reported one. A strain difference (AC327 and 168) may be one of the reasons for them.
Among the 39 ORFs in the 40.6 kb region, 16 did not exhibit any significant amino acid sequence similarity to ones in the non-redundant protein sequence data bank. Therefore, our research is now directed toward the isolation of gene-disrupted mutants in a systematic way under the international co-operative project.
